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Description 

[00011 Thepresentinventionr^ 

and controlling the production of fines wKh P^^^^ {racturing treat ments. In hydraulic fracturing 
[0002] Hydrocarbon producing wells "^^J^JSii?- into a producing zone to be 
treatments, a viscous fractunng ^^J^^^^Z^ne. Particulate solids, e.g.,graded 
fractured at a rate and pressure such that oneor more ^ppant" are suspended in a portion of the f rac- 
sand, for propping the fractures, commonly ^^"^^Kthe fracturing fluid is broken. That is, a 

turing fluid so that the particulate solids ar LfS^SE^faSJtaa fluid reverts to a thin fluid which is 

[0003, of Jproppant introduced into 

to in the art as fines > " ^^^^^eni,. reS in composition which is caused to harden and consol- 
the fractures has here^ore beer [^^^ZZti^e resin composition coated proppant is deposited in 
idate the proppant particles in the zone. Typcaiiy, me nara . „ , ^ te the , ast port (on of the 

me fractures after a large quantity of uncoated J^2^,SSKiSwtt the hardenable resin 

proppant deposed in each fracture^ ^^^^^^J^S^V^ * «**■" a " d reverts to 8 thin 
composrtion. When the viscous fractunng fluid which is the came r fhnfl _ror p pp ^ ^ 

fluid as described above, the ha ^ 

on the proppant. The partially '^^f^^STSTZ resin composition hardens. It has heretofore been 
by the particles are forced into contact ^^Zwe^rMn^* the consolidation of the resin coated 
thought that the hardening of the resin composition U ^^*J3^ and tensi|e 8trength t0 pre vent unconsol- 
proppant particles into a hard However,' has been found 

idated proppant and formation fines from <** I h J^Jbte Tin composition coating thereon is carried into 
tha « as the fractunng fMd « 

the fractures by the fractunng fluid, some otme prapP non . resin coate d proppant remains in the fractures 

adiacent to the well bore. ™« u ^ attheend of the proppant 

adjacent to the well bore and when the hardenable mowop pp hardenable resin coated 

deposit, it does not displace the uncoated proppant at ^^^^^l^ ^ 0 i r^e Ua^ures 
proppant flows over the uncoated proppant. ™s «*ulte nr ' "J^^^J^^ me propped fractures, the 
adjacent to the we.. wfh the formation fluid, 

^".andc^ 

[0004] in high flowing through the proppant packs. The 
packs in the often J^SJ^^S,. produced fluid conductivities of the proppant packs 

them very dangerous to use. mathoda 0l consolidating proppant particles In subterranean fractures 

[0006] Thus, there are needs for mproved methods ofi ~ n f°™f3ms have high formation fluid conductivities 
whereby the consolidated permease proppant ^£JZ£™£ZZ fines. Further, there are needs for 

f^ed^^ 

[n?uirea"Zations which meet the needs described above and overcome or mitigates the decencies of the 
pfior art " -a o r«*th«rf «f cnnsolidatina proppant and controlling fines in one or more fractures 
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hardening agent component comprising a hardening agent, in amounts that form a liquid hardenable resin composition 
that remains tacky after hardening, and then coating said liquid hardenable resin composition onto dry proppant par- 
ticles; and (c) allowing said hardenable resin composition on said resin composition coated proppant particles to harden 
and weakly consolidate said proppant particles into one or more permeable proppant packs while remaining tacky so 
that fine solid formation particles carried to said permeable proppant packs by produced formation fluids stick to said 
permeable proppant packs. 

[0009) In the method of the invention, the liquid hardening agent can also include one or more of a silane coupling 
agent, a hydrolyzable ester for breaking gelled fracturing fluid films on the proppant particles, a surfactant for facilitating 
the coating of the resin on the proppant particles and for causing the hardenable resin to flow to the contact points 
between adjacent resin coated proppant particles, a liquid carrier fluid and/or a viscosifying agent for viscosifying the 
carrier fluid and dispersing the hardening agent when the hardening agent is a particulate solid. 
[0010] The gelled liquid fracturing fluid is pumped into a subterranean zone to form one or more fractures therein 
and to place the hardenable resin composition coated proppant particles in the fractures. The liquid hardenable resin 
component is mixed with the liquid hardening agent component in amounts that form a liquid hardenable resin com- 
position that remains tacky after hardening into a weakly consolidated permeable mass. The resulting hardenable resin 
composition coated proppant particles are mixed with the fracturing fluid whereby the hardenable resin composition 
coated proppant particles are suspended In the fracturing fluid. When the hardenable resin composition coated prop- 
pant particles have been placed in the one or more fractures, the pumping of the fracturing fluid, the mixing of the liquid 
hardenable resin component with the liquid hardening agent component, the coating of the dry proppant particles with 
the hardenable resin composition and the mixing with and suspending of the resin composition coated proppant par- 
ticles in the fracturing fluid are terminated. The hardenable resin composition on the coated proppant particles is allowed 
to harden and to consolidate the proppant particles into one or more weakly consolidated permeable proppant packs 
while remaining tacky so that formation fines carried to the permeable proppant packs by produced formation fluids 
stick to the permeable proppant packs. 

[001 1] The sticking of the formation fines to the tacky resin coated permeable proppant packs prevents the formation 
fines from flowing into and through the proppant packs and thereby prevents the conductivities of the proppant packs 
from being reduced. Also, the use of the high-temperature hardenable resin composition described in this invention 
allows the tacky resin to withstand high temperatures and prevents the deterioration of the proppant packs at temper- 
atures above about 300°R In addition, the proppant packs prevent the flowback of proppant, the hardenable resin 
"composition components have long shelf lives before being mixed and the solvent and carrier fluids have high flash 
points. 

[0012] In accordance with the methods of the present invention, all of the proppant transported into the fractures is 
coated with a resin composition (preferably on-the-fly) and is suspended in the fracturing fluid as the fracturing fluid is 
pumped into the well bore and into the fractures. As a result, the resin coating on the proppant is fresh and when it 
hardens and consolidates the proppant, permeable proppant packs are formed in the fractures which prevent proppant 
flow-back. In addition, the hardenable resin composition components of this invention have long shelf lives, e.g., four 
months and longer. The components, i.e. , the liquid hardenable resin component and the liquid hardening agent com- 
ponent are stored separately until they are mixed just prior to being coated onto proppant. The mixing of the components 
can be by batch mixing or the two components can be metered through a static mixerto obtain a homogeneous mixture 
40 before being coated on dry proppant particles while the proppant particles are conveyed in a sand screw. The amount 
of mixed liquid hardenable resin composition coated on the proppant ranges from about 0.1% to about 5% by weight 
of the proppant with about 3% being preferred. 

[0013] As will be described further hereinbelow, in order to conserve the amount of hardening agent utilized for curing 
the hardenable resin which has been deposited on all of the proppant In the fractures, the volume ratio of liquid hard- 
43 enlng agent component to liquid hardenable resin component utilized in accordance with this invention can be varied. 
In a preferred technique, the volume ratio of the liquid hardening agent component to the liquid hardenable resin 
component is varied from an initial volume ratio at the beginning of the proppant suspended in the fracturing fluid to a 
lower volume ratio as the middle portion of the proppant is suspended in the fracturing fluid and then back to the initial 
volume ratio at the end portion of the proppant suspended in the fracturing fluid. This technique results in consolidated 
proppant packs in the fractures which have high strength at the forward ends of the packs, less strength at the middle 
portions of the packs and high strength at the end portions of the packs. The middle portions of the packs tend to be 
placed deeply in the fractures far away from the well bore. Since all of the proppant is consolidated, there is no uncon- 
solidated proppant remaining in the bottoms of the fractures and as a result proppant flow-back does not occur. 
[0014] In accordance with one improved method of this invention, dry proppant particles are coated with the hard- 
enable resin composition, preferably on-the-fly, the coated proppant particles are suspended in the fracturing fluid, 
preferably on-the-fry t and the resulting hardenable resin composition coated proppant particles are placed in one or 
more fractures formed in a subterranean zone. The method is basically comprised of the following steps. A liquid 
hardenable resin component is provided comprised of a hardenable resin and optionally, a solvent for the resin having 
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. tn thp reS ! n to reduce its viscosity for ease of handling, mixing and 

a high flash point. When used, the solvent » added to the res n to rem. y ^ ^ ^ ^ 

transferring. However, as will be ^dentg a^Tcomponent is provided comprised of a 

enable resin can be heated to reduce its v ^*^™!j£2^ a hydrolyzable ester for breaking gelled frac- 
hardening agent, and optional*. ^?\^^ f ^£Z^^ott^ resin on the proppant particles 
turing fluid films on the proppant particles a 'f^^T^T^^J^ re8i n coated proppant particles, 
and for causing the hardenable resin to flow ^^^^^S^^cM^uaa^^ 
a liquid carrier fluid having a high flash po.nt andta ■ <r J^^^^a^ening agent is a particulate solid, 
,he hardening agent when the hardening agenn sap artoj* "J^ be 9 0 i ed . Ate0 , when a Ifcuid 
i, can be added separately to the resm compo^ ^V^^^ liquid hardenable resin component 
hardening agent « used, the viscos^g agent ^^^^ 

and the liquid hardening agent component.^ proppant ^.g. ^ ^ ^ fc ^ ^ 

gelled liquid fracturing fluid is pumped into a s^rranean zone* fracturing fluid, the 

resin composition coated proppant particles in the fractum. ^^^^^^eraWy on-the-f*. in 
liquid hardenable resin component is mated with ^f^^^^^Z^n^. The hardenable resin 
amounts thai lorm a liquid hardenable resm ««*«*^^ 
compose Iseomtnuous* 

on-the-tly. to form hardenable resin orefeSly^n-the %. whereby the hardenable resin 
proppant particles are continuously mixed with the 

composnion coaled proppant particles are suspended therein, leaner, tne nare 
propyl particles are ca^ 

in the fractures and the fracturing fluid is returnee |» * e •J 1 *^ am „ continuously introduced into another 

[0015] The term "on-thc-fly" is used ^^^^JSS^i flow as a single stream. While the 
flowing stream so that the streams are comb ™*j£™™™£ r ™ ag 9 ont component to form the hardenable 

mixing , u« tl , fl *r Q ^t,.rinn fluid is broken and the hardenable resin composition coated 

[0016] As is also we,l "^°°*"^ close on the proppant partfc.es. The partial* 

proppant particles are deposited m * e «^"l°™^"^ coate d proppant whereby the proppant particles 
closed fractures apply pressure on the hardenable resin c«npom™ ' ° The hardening of the resin composition 
are forced into contact with each other while the resm ^^^SSS^S, permeable pack having 
under pressure helps bring about the ~" 801 '^™ 
sufficient compressive strength to prevent " ncons ^^ 

with produced fluids. In fracture treatments i earned .out n "^^^™° u J ^ ing ap d cement into the un- 
is required in the ff^^SSSZ surrounding the we,, bore, 

consolidated formation as well as in the fractured portions or ine ardenabte reS in composition and is caused to 
The proppant wheh is deposited in the perforation ^ "°ttrfo^ons arf^ contributes to the prevention of 

harden therein. The resulting »"~'' d ^^ resin coated proppant in 

proppant flow-back. However, there is often Me closure P r ^' ^ , he hardenable resin coated proppant 

the fractures close to the we., bore and ^^^ZS^SS^ P"«- ca " be -P— - ,r ° m 
particles in the Pf ora i0 ^ 

other byfilmsofthegelled fracturing fluldandbecause^ 

d0 not sufficient* consolidate. As a result, ^ "^•^Tune^lkW-d proppant and formation fines from 
often have less than sufficient compres sive strenrt o h '°P"^ 

flowing out of the perforations and fractures ^T^T^ £m freeturing fluid films on the particles, and a 
sition one or more hydro*zab.e esters which funct^ 

are consolidated into a high strength pwne*e™» hardenable resin component include, but 

[00171 Examples of hardenable resin. i £^£Z£^2 n . P o*epoxide resin, novoU* resin, polyester 
are not limited to, orgamc reams such as b spheno. A fj^^ etners and m ixtures thereof. 

; resin, phenol-aldehyde resm. urea-aldehyde resin utilH ^ ircluded in the liquid hardenat'e 

rnroSa^n^ 



resin component in an amount in 1 
component, preferably an amount of about 85%. 
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[0018] Examples of solvents having high flash points (above about 125°F) which can optionally be used for the 
hardenable resin in the liquid hardenable resin component include, but are not limited to, dipropylene glycol methyl 
ether, dipropylene glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, 
diethyleneglycol butyl ether, propylene carbonate, tflimonene and fatty acid methyl esters. Of these, dipropylene glycol 
5 methyl ether is preferred. The amount of the solvent utilized in the liquid hardenable resin component is in the range 
of from about 0% to about 30% by weight of the liquid hardenable resin component, preferably in an amount of about 
15%. 

[0019] Examples of the hardening agents which can be used in the liquid hardening agent component include, but 
are not limited to, amines, aromatic amines, polyamines, aliphatic amines, cyclo-aliphatic amines, amides, polyamides, 
10 diethyltaluenediamine 4,4'-diam inodiphenyl sutfone, 2-ethyl-4-methyl imidazole and 1 ,1 ,3-trichlorotrifluoroacetone. Of 
these, 4,4 f -diaminodiphenyl sulfone is preferred. The hardening agent is included in the liquid hardening agent com- 
ponent in an amount in the range of from about 40% to about 60% by weight of the liquid hardening agent component, 
preferably in an amount of about 50%. 

[0020] Examples of silane coupling agents which can optionally be used in the liquid hardening agent component 

15 include, but are not limited to, N-2-(aminoethyl)-3-aminopropyltrimethoxysilane, 3-glyddoxypropyltrimethoxysilane and 
n-beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane. Of these, n-beta-(aminoethyl)-gamma-aminopropyltri- 
methoxysilane Is preferred. When used, the silane coupling agent is included in the liquid hardening agent component 
in an amount In the range of from about 0.1% to about 3% by weight of the liquid hardening agent component. 
[0021] Examples of hydrolyzable esters which can optionally be utilized in the liquid hardening agent component for 

20 facilitating the coating of the resin composition on the proppant particles and for breaking gelled fracturing fluid films 
thereon include, but are not limited to, a mixture of dimethylglutarate, dimethyladipate and dimethylsuccinate, sorbitol, 
catechol, dimethylthiolate, methyl salicylate, dimethyt salicylate, dimethylsuccinate and ter-butylhydroperoxide. Of 
these, a mixture of dimethylglutarate, dimethyladipate and dimethylsuccinate is preferred. When used, the ester or 
esters are present in the liquid hardening agent component in an amount in the range of from about 0.1% to about 3% 

25 by weight of the liquid hardening agent component, preferably in an amount of about 2%. 

[0022] The surfactants which can optionally be utilized in the liquid hardening agent component for facilitating the 
coating of the resin on the proppant particles and for causing the hardenable resin to flow to the contact points between 
adjacent resin coated proppant particles include, but are not limited to, an ethoxyiated nonyl phenol phosphate ester, 
mixtures of one or morecationic surfactants and one or more non-ionic surfactants and an alkyl phosphonate surfactant. 

30 The mixtures of one or more cationic and nonionic surfactants are described in U.S. Patent No. 6,311 ,733 issued to 
Todd et al. on November 6, 2001 which is incorporated herein by reference thereto. Of the surfactants that can be 
used, a C 12 -C 22 alkyl phosphonate surfactant is preferred. The surfactant or surfactants utilized are included in the 
"liquid hardening agent component in an amount in the range of from about 2% to about 15% by weight of the liquid 
hardening agent component, preferably in an amount of about 10%. 

35 [0023] The liquid carrier fluid having a high flash point (above about 125°F) which can optionally be utilized in the 
liquid hardening agent component is selected from the group consisting of dipropylene glycol methyl ether, dipropylene 
glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol 
butyl ether, propylene carbonate, d'limonene and fatty acid methyl esters. Of these, dipropylene glycol methyl ether is 
preferred. When used, the liquid carrier fluid is present in the liquid hardening agent component in an amount in the 

40 range of from about 20% to about 40% by weight of the liquid hardening agent component, preferably in an amount 
of about 30%. 

[0024] Examples of viscosifying agents that can optionally be utilized in the liquid hardening agent component, in- 
clude, but are not limited to hydroxypropyl cellulose and organophilic clays. Of these, organophilic clay is preferred. 
Organophilic clays are the reaction product of purified smectite clay (either hectorite or bentonite) and a quaternary 
45 ammonium salt. When used, the viscosifying agent is present in the liquid hardening agent component in an amount 
In the range of from about 0% to about 3% by weight of the liquid hardening agent component, preferably in an amount 
of about 1%. 

[0025] As mentioned above, the hardenable resin is present in the liquid hardenable resin component in an amount 
in the range of from about 70% to about 100% by weight of the liquid hardenable resin component and the hardening 

so agent is present in the liquid hardening agent component in an amount in the range of from about 40% to about 60% 
by weight of the liquid hardening agent. In order to form a liquid hardenable resin composition that weakly consolidates 
proppant particles and that is tacky after hardening, the liquid hardenable resin component and the liquid hardening 
agent component are mixed in a weight ratio of the liquid hardenable resin component to the liquid hardening agent 
in the range of from about 99:1 to about 90:10, more preferably in the amount at about 95:5 weight ratio. 

55 [0026] A variety of fracturing fluids can be utilized in accordance with the present invention including aqueous gels, 
emulsions and other fluids utilized for forming fractures in subterranean zones and carrying resin composition coated 
proppant particles into the fractures. The aqueous gels are generally comprised of water and one or more gelling 
agents. The emulsions can be comprised of two immiscible liquids such as an aqueous gelled liquid and a liquefied, 
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normally gaseous fluid, such as nitrogen. invention are aqueous gels comprised of water, 

[0027] The preferred fracturing fluids for use «n a ™'*™™Z *H™Z*U a cross-linking agent for cross-linking 
L gelling agent for gelling the water and increasing ,te ^>^^'*™"JTJJL and cross-linked 

are potysaccharides and derivatives thereof <M«M one or mo j of toe mon ^ ^ ^ ^ 

nose, glucoside, glucose, xylose, arab.nose. fructose, ^"J*^ JJJ^^^ usefu | m accordance with 
dratabiepolymerccontain^^^ 

the present invention include guar gum and denva ves thereof ^"^^wlSh contain the above mentioned 
such as hydroxyethyl cellulose. Hydratable synthe ^^^S^S^ are not limited to, polyacry.ate, 
functional groupscanateo be utH^ 

SS -amplesofcross-linkingagents™ 

„uid are alkali metal borates, borax bo ^^^^^Z^um, antimony, titanium, iron, zinc 

gel breakers such as those of the enzyme type .the ^^^^XZxo* carrier fluids to revert 
^pa. a„ of whteh are well known to , fcose s ed in *e JJJ^S ^ place proppant partic.es in sub- 

Sof^S^ 

the like. ith , h „, esem invention are generally of a size such that 

[0031] The proppant particles utilized ,n accordance wrth ^J£*«™^ being produced from the subterra- 
formation partteulate solids which ^^^^"^^SS^.^matertal., glass materials, 
neanzone. Various "^^35^^ asize in the range of from about 2 to 

walnut hulls, polymer beads and the like. Q8 ^. "»W H me o( , rom 

abou.400 mesh US. Sieve Series^e ^ p ^^^^LL, ranges are one or more of 
SS !£ ^OmeXSb ^meZ^O mi, depending on the parser size and distribution of formation 

solids to be screened out by ^.^SS^ng proppant and controlling fines in one or more 
[0032] A preferred improved method of this invention warn mob 8 ^ hardenable resin component 

ractuesforTnedinasubterraneanformationcompnsesthe^ 

comprised of a hardenab.e resin; (b) providing a '-^ ^n"g ^J^^SSSurtngfluWW pumping 
hardeningagent;(c)p.ovldin^^^^^^ 

the ge „ed «^ t ^ w„h the liquid hardening agent 

proppant particles in the fractures, W moingiw mm , . coa tina the liquid hardenable resin com- 

component in amounts that ton^ a liquid hardenab^ 

positton produced in step 0) onto the dry P^S^S^S^^ partte.es produced in step 

composruon coated proppant P^f*^^ 

(g)wimthefrarturingflu«d^ 

P : P ;r^^ 

by produced formation ^^^^^^ and controlling fines in one or more fractures 

= in^t=^ 

Cal^^^^ 
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particles, a surfactant for facilitating the coating of the resin on the proppant particles and for causing the hardenable 
resin to flow to the contact points between adjacent resin coated proppant particles and a liquid carrier fluid; and (c) 
providing a source of dry proppant particles; (d) providing a gelled liquid fracturing fluid; (e) pumping the gelled liquid 
fracturing fluid into the subterranean formation to form the one or more fractures therein and to place proppant particles 

5 in the fractures; (f) mixing the liquid hardenable resin component with the liquid hardening agent component in amounts 
that form a liquid hardenable resin composition that remains tacky after hardening; (g) coating the liquid hardenable 
resin composition formed in step (0 onto dry proppant particles conveyed from the source thereof to form hardenable 
resin composition coated proppant particles; (h) mixing the hardenable resin composition coated proppant particles 
produced in step (g) with the fracturing fluid pumped in accordance with step (e) whereby the resin composition coated 

to proppant particles are suspended therein; (i) terminating steps (e), (f), (g) and (h) when the resin composition coated 
proppant particles have been placed in the one or more fractures; and (j) allowing the hardenable resin composition 
on the resin composition coated proppant particles to harden and weakly consolidate the proppant particles into one 
or more permeable proppant packs while remaining tacky so that fine solid formation particles carried to the permeable 
proppant packs by produced formation fluids stick to the permeable proppant packs. 

15 [0034] In order to further illustrate the methods of the present invention, the following examples are given. 

Example 1 

[0035] Resin mixtures were prepared using two separate formulations: 

20 

Formulation I - 99% of liquid hardenable resin and 1% of liquid hardening agent (by weight of resin mixture). 
Formulation II - 95% of liquid hardenable resin and 5% of liquid hardening agent (by weight of resin mixture). 

[0036] Each resin mixture was then dry coated onto 20/40-mesh bauxite proppant in the amount of 3% (by weight 
25 of proppant). The resin-treated proppant was then mixed with carboxymethylhydroxypropyl guar (CMHPG) based frac- 
turing fluid prior to cross-linking and stirring with a stirrer to simulate pumping for 1 hour at 1 75° F. The proppant slurry 
was then transferred and packed in a brass chamber without closure stress and then placed in an oven at 325°F for 
various time intervals. Observation of the materials at the end of each heated interval indicated that the resin coated 
on the proppant remained quite tacky and the proppant grains attached readily to one another, even after being exposed 
30 to 325° F temperature for various time periods (Table I). There was no consolidate for the proppant pack treated with 
99:1 resin mixture, even though the proppant grains remain very tacky. The proppant pack treated with 95:5 resin 
mixture became weakly consolidated, with unconfined compressive strengths less than 5 psi. However, the proppant 
grains remain very tacky. 



TABLE I 



Time at 
325°F 


99% Hardenable Resin & 1% Hardening Agent 


95% Hardenable Resin & 5% Hardening Agent 


1 day 
5 days 
14 days 


Tacky, unformable 
Tacky, unformable 
Tacky, unformable 


Tacky, weakly consolidated 
Tacky, weakly consolidated 
Tacky, weakly consolidated 



Claims 

1 . A method of consolidating proppant and controlling fines in one or more fractures formed in a subterranean for- 
mation, which method comprises the steps of: (a) pumping a gelled liquid fracturing fluid into the subterranean 
formation to form said one or more fractures therein; (b) mixing hardenable resin composition-coated proppant 
particles with said fracturing fluid pumped in accordance with step (a) whereby said hardenable resin composition 
coated proppant particles are suspended therein and placed in said fractures; said coated proppant particles having 
been formed by mixing a liquid hardeable resin component comprising a hardenable resin, with a liquid hardening 
agent component comprising a hardening agent, in amounts that form a liquid hardenable resin composition that 
remains tacky after hardening, and then coating said liquid hardenable resin composition onto dry proppant par- 
ticles; and (c) allowing said hardenable resin composition on said resin composition coated proppant particles to 
harden and weakly consolidate said proppant particles into one or more permeable proppant packs while remaining 
tacky so that fine solid formation particles carried to said permeable proppant packs by produced formation fluids 
stick to said permeable proppant packs. 
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2. A method according to claim 1 , wherein said hardenable resin is present in said liquid hardenable resin component 
in an amount of from 70% to 1 00% by weight thereof. 

3 A method according to claim 1 or 2. wherein said hardening agent is present in said liquid hardening agent com- 
ponent in an amount of from 40% to 60% by weight thereof. 

4 A method according to claim 1 , 2 or 3, wherein said liquid hardenable resin component and said liquid hardening 
' agent component are mixed in a weight ratio of said liquid hardenable resin component to sa.d liquid harden.ng 

agent component from 99:1 to 90:10. 

s A method accordinq to any of claims 1 to 4, wherein said hardenable resin in said liquid hardenable resin component 
fsa^^resXeSed from bisphenol A-epfch.orohydrin resin, peroxide resin, novolak resin, polyester 
resin, phenol-aldehyde resin, urea-aldehyde resin, furan resin, urethane resin and glycidyl ether, and any mixture 
of two or more thereof. 

6 A method according to any of claims 1 to 5, which further comprses a solvent for said resin in said liquid hardenabte 
Tean component, whteh sohrent is preferably selected from dipropylene glycol ^*^SSZ25 
dimethyl ether, dimethyl formamlde. diethylenegVcol methyl ether, ethyleneglycol butyl ether, diethyleneglycol 
butyl ether, propylene carbonate, d'limonene and fatty acid methyl esters. 

7 A method according to any of claims 1 to 6. wherein said hardening agent in said liquid hardening agent component 
' is selected from amines, aromatic amines, poiyamines, aliphatic amines, cydo-aliphate amines <™*^*- 

mides, diethyltoluenediamine 4.4'-diaminodiphenyl sulfone, 2-ethyM-methyl imidazole and 1 .1 ,3-tnchlorotnfluor- 
oacetone. 

8 A method according to any of claims 1 to 7, wherein said liquid hardening agent component further comprises a 
' silane coupling agent which is preferably N-2-(aminoethyl)-3-aminopropyltrimethoxysilane, 3-glycidoxypropyltn- 

methoxysilane or n-beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane. 

9 A method according to any of claims 1 to 8, wherein said liquid hardening agent component further comprises a 
' hvdrolyzabteesterforbraaWngg^ 

a mixture of dimethylglutarate. dimethyladipate and dimethylsuccinate, sorbitol, catechol, d.methytthiolate. methyl 
salicylate, dimethyl salicylate, dimethyl succinate or ter-butylhydroperoxide. 

10 A method according to any of claims 1 to 9, wherein said liquid hardening agent component further comprises a 
' surfactantforfacilitating the coating of said hardenable resin on said proppant particles and for caus,ng said hard- 
enable resin to flow to the contact points between adjacent resin coated proppant particles, said surfactant pref- 
erably being an ethoxylated nonyl phenol phosphate ester, or a mixture of one or more cahonic surfactants and 
one or more non-ionic surfactants, or a C^-C^ alkyl phosphonate surfactant. 

1 1 A method according to any of claims 1 to 1 0. wherein said liquid hardening agent component further comprises a 
' liquid carrier fluid selected from dipropylene glycol methyl ether, dipropylene glycol dimethyl ether, dimethyl for- 

mamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol butyl ether, propylene carbon- 
ate, d'limonene and fatty acid methyl esters. 

1 2 A method according to any of claims 1 to 1 1 , wherein said liquid hardening agent component further comprises a 
' viscosifying agent for viscosifying said carrier fluid and dispersing said hardening agent when said harden.ng agent 

is a particulate solid, said viscosifying agent preferably being an organophilic clay. 
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